Subtrochanteric fractures have been reported to constitute 7 to 10 per cent of proximal femoral fractures'", and have the highest incidence of delayed union, non-union, implant failure, and varus and rotational deformities after treatment*- , the Samson subtrochanteric nail 19 , and the AO condylar bladeplate are examples of recently developed devices that have been reported to obtain good results in the treatment of selected subtrochanteric fractures.
There remains a group of subtrochanteric fractures, however, that are not amenable to open reduction and rigid internal fixation of any type because of severe comminution or because they are severe open injuries 2 ". It is this group of patients in which closed treatment, consisting of preliminary traction followed by the application of a long cast-brace with a pelvic band and early ambulation, has proved quite successful.
The closed treatment of proximal femoral fractures in the elderly patient has been abandoned appropriately due to the high rate of formation of decubitus ulcers, pneumonia, urinary tract infection, and subsequent mortality; open reduction and internal fixation has become the recommended treatment in such patients We reviewed the cases of a consecutive group of patients with subtrochanteric fractures. All were treated initially in traction followed by the application of a long quadrilateral cast-brace with a pelvic band. Subtrochanteric fractures are defined in this study as those fractures of the proximal part of the femur in which a portion of the fracture line lies between the lesser trochanter and a horizontal line five centimeters below it 2S . Extension of a fracture into the trochanteric mass did not eliminate it from the subtrochanteric group 9 .
The classification of subtrochanteric fractures has been discussed by many authors. Boyd and Griffin included these fractures as a subgroup of intertrochanteric fractures 7 . The classification of Fielding and Magliato 14 is well known but does not take into account comminution or the direction of fracture lines. The fractures in this series were classified according to the scheme proposed by Seinsheimer 26 ( Fig. I ).
Materials and Methods
From May 1971 to March 1979, 100 subtrochanteric fractures were treated at the University of Texas Health Science Center in San Antonio. Of these, fifty-six underwent primary open reduction and internal fixation and therefore were excluded from the series. This left a group of forty-four patients whose fractures were treated closed. Nineteen children younger than sixteen years old were excluded. Two patients died from multiple injuries, and two patients with severe head injuries were treated entirely in traction prior to their transfer to nursing homes.
The remaining twenty-one patients were treated initially in traction followed by the application of a long quadrilateral cast-brace with a pelvic band and early ambulation. Fifteen of these twenty-one patients were available for follow-up and form the basis of this study. The average follow-up was 38.3 months, with a range of fourteen to 102 months.
The average age of the patients who were treated operatively was 50.5 years, with a range of seventeen to eighty-four years. The average age of the patients who were treated by the closed technique was 27.4 years, with a range of sixteen to sixty-three years. There were two female and thirteen male patients.
In the fifteen patients in our series, the mechanism of injury was a motor-vehicle accident in ten, a motorvehicle-pedestrian accident in three, a fall in one, and a gunshot wound in one. Associated injuries included one patient each with a fracture of the ipsilateral lateral femoral condyle and an anterior cruciate ligament injury, an acromioclavicular separation, multiple rib fractures, multiple metatarsal and phalangeal fractures in the foot, and a mandibular fracture. Two patients had fractures of the ipsilateral tibia. Other injuries included a concussion and several severe soft-tissue injuries.
Of the fifteen fractures treated conservatively, five were open injuries, including one that was associated with a gunshot wound. The open fractures were treated with thorough debridement in the operating room. Antibiotics were used for three to five days after injury. All wounds initially were left open, closed secondarily, and healed without chronic soft-tissue infection or osteomyelitis.
In nine of the ten closed fractures, closed treatment was elected on the basis of the fracture being too comminuted to obtain stable internal fixation (Fig. 2, A) . There were no Type-I, one Type-II, three Type-IIIa, two TypeIllb, two Type-IV, and two Type-V fractures according to Seinsheimer's classification 26 .
We used 90-90 traction (Fig. 3 ) in eleven patients in whom the proximal fracture fragment assumed a position of marked flexion, abduction, and external rotation. In four patients the proximal fragment was not flexed.
Four patients were treated with femoral pin traction and ten, with tibial pin traction. One patient who was treated with 90-90 traction with a tibial pin subsequently required a femoral pin because of symptoms in the knee.
AH patients were seen personally by one of us and were evaluated for union, angulation, rotational deformity, shortening, and range of motion of the hip and knee joints.
Technique
All patients initially were placed in skeletal traction with the limb in a Thomas splint with a Pearson attachment by means of a Steinmann pin through either the tibial tubercle or the distal part of the femur and with the hip in slight flexion. Eleven kilograms (twenty-five pounds) of weight was used initially, which was decreased appropriately if the roentgenograms made forty-eight hours later showed distraction. Forty-eight hours after the initiation of traction, the patient was taught quadriceps-setting exercises and then progressed to resistive quadriceps exercises. If the initial roentgenograms showed the proximal fragment to be flexed, abducted, and externally rotated, the traction was changed to the 90-90 configuration to align the distal with the proximal femoral fragment (Fig. 3 ) 20 . The 90-90 position is comfortable for the patient and good roentgenograms are relatively easy to make. Regardless of the position of traction, maintenance of adequate reduction of the fracture must be demonstrated on both anteropos- terior and lateral roentgenograms -that is, more than 50 per cent apposition of the fracture on both roentgenograms, a 135-degree neck-shaft angle (if the trochanteric mass is involved) on the anteroposterior roentgenogram, and no more than 10 degrees of angulation on the lateral roentgenogram. The 90-90 position is maintained for three weeks. During the fourth week, hip flexion is decreased daily until the lower limb is flat on the bed. Serial roentgenograms are made to ensure continued proper alignment. By the end of the third week early healing at the fracture site usually is present, and gentle movement of the thigh is not painful to the patient. Roentgenograms made at this time usually do not reveal more than a trace of visible callus at the fracture site (Fig. 2, B) . We have learned from experience that one cannot go from 90 degrees of hip flexion to full extension too rapidly, as anterior angulation will develop at the fracture site. If hip flexion is gradually decreased over seven to ten days, however, angulation will not occur.
When the described criteria for early healing of the fracture have been met. the traction is removed and the cast is applied.
The patient is placed on a standard fracture table with the feet secured to the foot rests. Without anesthesia, the Steinmann pin is removed and the fractured lower limb is positioned in 15 to 20 degrees of abduction (Fig. 4. A) . Anteroposterior and lateral roentgenograms are made to check the fracture alignment. A standard long cast incorporated into a fifteen to twenty-centimeter-wide pelvicband then is applied over a stockinette or a Fracture Cast Sock (Knit Rite, Kansas City, Missouri) with felt padding around the pelvis, in the groin, and behind the ankle. Only minimum sheet wadding is used to protect bone prominences. The knee is maintained in zero degrees of extension and the hip, in zero or 5 degrees of flexion. Then one layer of elastic plaster covering the entire lower limb is applied, followed by the application of regular plaster. While it is still wet, the thigh portion of the cast is molded anteriorly, laterally, and posteriorly. This can be done by using the jig employed in preparing the type of immediate-fitting cast that is used after an above-the-knee amputation. Alternatively, by using two flat boards, one laterally and one posteriorly, and the heel of the hand to mold a depression in the femoral triangle, the cast can be snugly fitted to the thigh. Some correction of any significant residual angulation is possible by adjusting the position of the lower limb in traction. The pelvic band is incorporated further into the plaster around the thigh with plaster splints (Fig. 4, B) . The pelvic band must be sturdy and secure to ensure that the involved lower limb is main- tained in the necessary 15 to 20 degrees of abduction. A second set of roentgenograms is made and any angulation is corrected by wedging the cast (Fig. 2, C) . The neckshaft angle should be 135 degrees on the anteroposterior roentgenogram and zero degrees on the lateral roentgenogram. At the fracture site, we accept only a maximum of 5 degrees of varus angulation and 10 degrees of valgus angulation on the anteroposterior roentgenogram, and 10 degrees of angulation on the lateral roentgenogram. Twenty-four hours later, medial and lateral windows, fifteen centimeters long and seven and one-half centimeters wide, centered on the medial and lateral knee-joint line, are cut in the cast, leaving a seven and one-half to tencentimeter bridge anterior and posterior to the knee joint. Medial and lateral aluminum or steel polycentric knee hinges (Pope Brace Company, Greenwood, South Carolina) then are applied with plaster, using as guides the femoral epicondyles, which are exposed through the windows in the cast. Great care is taken to ensure that the axis of the hinges coincides with that of the knee joint, otherwise the knee cannot move .through a full range of motion and some limitation of motion may develop. The patient then is allowed to walk with a walker or crutches with the cast bridge and hinges in place. Forty-eight hours later, when the plaster is dry and the hinges are secure, the anterior and posterior cast bridges are removed and rangeof-motion exercises of the knee are begun. After removal of the bridges, the drop locks are used during walking until the patient has sufficient quadriceps-muscle power to hold the lower limb in extension with the hinges unlocked.
A seven and one-half-centimeter shoe-lift is used on the contralateral foot to functionally lengthen the lower limb. The longer limb, together with the 20 degrees of abduction of the fractured limb in the cast, causes the patient to displace the center of gravity over the injured limb when walking (Fig. 4, C) . The longer, normal limb also maintains abduction of the fractured limb, which decreases the possibility of varus angulation.
The patient progresses from partial weight-bearing with a walker or crutches to use of a cane. Many patients use a cane throughout the period of cast-brace immobilization, but some can walk in a week without either a crutch or a cane. For the first month after discharge the patient is seen at weekly intervals so that we can make anteroposterior weight-bearing roentgenograms. Any varus angulation of more than 5 degrees should be corrected by wedging the cast. During the second month after discharge, the patient is seen at two-week intervals and weight-bearing anteroposterior roentgenograms are made to detect any change in angulation. The cast is removed twelve weeks after fracture, but if wedging has been necessary the cast is removed at sixteen weeks. Roentgenograms made at the time of cast removal usually show only minimum callus. Stress adduction and abduction roentgenograms are made if there is a question of clinical stability (Fig. 2, E and F) . After cast removal the patient is ambulatory on crutches with progressive weight-bearing.
Results
The average time in traction was 4.8 weeks, with a range of 3.5 to seven weeks, and the average time in the cast-brace was 12.5 weeks, with a range of seven to twenty-one weeks.
The average time to clinical union and cast removal was 17.3 weeks, with a range of twelve to twenty-six weeks. The time to roentgenographic union averaged 18.2 weeks (range, fifteen to thirty-four weeks). All fractures united and no secondary bone-grafting procedures were needed. There were no refractures of the femur after removal of the long quadrilateral cast-brace.
By clinical measurement, there was an average shortening of the involved limb of 0.7 centimeter (range, zero to 2.5 centimeters). Angulation in the frontal plane was less than 5 degrees in all but one patient with 10 degrees of varus angulation. In the sagittal plane, anterior angulation ranged from zero to 5 degrees and posterior angulation, from zero to 10 degrees. One patient showed a loss of 15 degrees of internal rotation.
There were no cases of pulmonary infection, urinary tract infection, thrombophlebitis, or pulmonary embolism in this group. Decubitus ulcers developed in two patients while they were in traction and in one during cast treatment. There was one patient with a pin-track infection, which resolved with local care after pin removal. In one wound, after secondary closure superficial cellulitis developed, which resolved in the cast.
The average postoperative range of motion of the knee was from zero degrees of extension to 130 degrees of flexion. The most limited range of motion in a knee was from zero degrees of extension to 95 degrees of flexion in a patient with a fracture of the ipsilateral lateral femoral condyle and a tear of the anterior cruciate ligament that required surgical repair. Other post-fracture complaints in the ipsilateral knee included crepitus in eight patients, pain with vigorous activity in two patients, and pain in cold weather in three patients.
The range of motion of the ipsilateral hip was equal to that of the opposite hip in fourteen patients. Only one patient had less flexion (10 degrees) than in the opposite, normal hip.
Discussion
Before 1950, subtrochanteric fractures were treated predominantly by closed methods 1, 23 . Improvement of internal fixation devices and techniques recently has led authors to recommend internal fixation of these fractures 2,5,l9,26,3S . However, the results of internal fixation of subtrochanteric fractures have not been uniformly successful . The subtrochanteric area is composed of cortical bone and often is comminuted, both factors that may result in a slower rate of union 2, 9, 26 . Also, the large biomechanical stresses in the subtrochanteric area may result in the failure of internal fixation devices 15, 26 . Due to these facts, several authors thought that unless stable internal fixation can be obtained, closed treatment should be considered 10,2S - 33 . The development of the cast-brace has decreased dramatically the time required for clinical union of femoral shaft fractures and has enabled patients to be mobile during treatment [11] [12] 21, 22, 25 . However, the reports of angulation and shortening in patients with fractures of the proximal third of the femur have suggested that cast-brace treatment is less satisfactory in this group 11, 22, 25 . We believe that our modifications of the cast eliminate the complication of varus angulation of the fracture.
In the literature, the reports of treatment of subtrochanteric fractures often have been included with those of hip fractures, including intertrochanteric fractures 7, 17, 23, 24 . In addition, authors reporting on only subtrochanteric fractures usually have included those that occurred secondary to minor trauma in the aged patient together with comminuted subtrochanteric fractures in younger patients 2 31 . These factors make comparison of previously reported series of subtrochanteric fractures very difficult.
The average age of our patients was 27.4 years, with only two patients older than forty. The associated injuries that occurred in nine of the fifteen patients indicate the high-energy violence that caused the injury. Fielding and Magliato reported on sixty-four patients with subtrochanteric fractures whose average age was seventy-one years 14 . The mechanism of injury in this older age group usually is a simple fall. The two groups therefore pose different treatment problems, and the results are not comparable. We agree with Seinsheimer, and with Winter and Clawson, that unless the surgeon is certain that stable internal fixation -that is, sound medial cortical contact and rigid lateral plate fixation -can be assured, closed treatment is recommended 26, 33 . Traction was used in our series because of the comminution present in nine of the ten closed fractures (Fig. 2, A) .
We stress that reduction of the fracture must be obtained to expect a good anatomical result and union 30 -31 . We did not find reduction difficult, as was suggested by Cech and Sosna 9 . Velasco and Comfort 30 emphasized that even with closed treatment, a good reduction of the fracture and contact of bone fragments are necessary to eliminate a medial cortical defect at the level of the fracture. Watson et al. 31 stated that if closed reduction cannot be obtained, it may be due to embedding of the comminuted fragments in the thigh muscles, which could result in delayed union or non-union. In each of our fifteen patients the reduction was thought to be adequate and was maintained in traction.
The degree of fracture-healing was determined in these patients by both clinical and roentgenographic examination. A fracture was considered to be healed clinically when the patient could walk without external support. These fractures produce less roentgenographically visible callus than do femoral shaft fractures that are treated similarly (Fig. 2, F) , and abduction and adduction roentgenograms often are needed to prove that clinical stability of the fracture is present. In spite of this minimum callus formation, in no patient did progressive varus angulation occur after cast removal. 14 . The fact that there were no patients with non-union in our series is particularly noteworthy when one considers that they all had open or severely comminuted fractures.
The greatest amount of shortening in our series was 2.5 centimeters in one patient. The average amount of shortening was 0.7 centimeter. Velasco and Comfort 30 considered shortening of more than 1.25 centimeters to be unsatisfactory. Only one of our patients had an unsatisfactory result due to shortening by this criterion.
One must consider the risk of infection after open reduction and internal fixation of subtrochanteric fractures. Of the eighteen subtrochanteric fractures treated by open reduction in the series of Heiple et al. 19 , there were two cases of infection and one apparently of chronic osteomyelitis. Five of the fifteen patients in this series had open fractures, none of which resulted in either acute infection or chronic osteomyelitis.
Sarmiento 25 stated that the tendency of fractures of the proximal third of the femur toward varus angulation makes cast-brace treatment unsuitable. Mooney 22 also reported that fractures of the proximal third of the femur are less satisfactorily treated in the cast-brace. However, in the thirty-three fractures of the proximal third of the femur in the series of Connolly et al., only five patients had varus deformities of more than 15 degrees 11 . However, these subtrochanteric fractures were not classified as to the degree or presence of comminution. Of our patients, fourteen had a varus angulation of 5 degrees or less and only one had a varus deformity of 10 degrees. We believe that the pelvic band, which maintains the lower limb in abduction, and the build-up of the shoe on the contralateral foot, shift the center of gravity toward the fractured limb and prevent varus deformity (Fig. 2, F) .
Anterior angulation ranged from zero to 5 degrees and posterior angulation, from zero to 10 degrees in this series. Sagittal angulation of this amount was not considered either functionally or cosmetically significant by previous authors 11 . We agree with others that angulation that is present after treatment usually was present prior to cast application 11 , and we wish to stress the fact that angulation must be corrected while the patient is in traction. Comminution medially will lead to varus malalignment in traction unless great care is taken to prevent it. Wedging the cast to correct angulation is not always successful.
The fear of systemic complications from closed treatment of subtrochanteric fractures comes from reports dealing with elderly, poor-risk patients. In 1956, Robey demonstrated that the closed treatment of subtrochanteric fractures resulted in a higher incidence of systemic complications 24 . However, the average age of his patients was sixty-four years and they were "elderly, poor-risk patients". There were no cases of urinary tract infection, pneumonia, documented pulmonary embolism, or known phlebitis in our patients. Decubitus ulcers developed in three patients, all of which resolved without surgical care.
Range of motion and symptoms in the ipsilateral knee have not been mentioned in other papers reporting open reduction and internal fixation or non-operative treatment THE JOURNAL OF BONE AND JOINT SURGERY of subtrochanteric fractures. The range of motion of the tures alleviates the problem of removal of an implant in the knee in our series was found to be quite functional and was young patient. Removal of either the Zickel nail or a comparable with that in other series of fractures of the nail-plate device renders the site of removal subject to refemur treated with the quadrilateral cast-brace 11, 22 . fracture and requires protected ambulation for as long as In none of our patients was the loss of motion of the three months. When this time is added to the hospitalizahip clinically significant. The range of motion of the hip tion.time for insertion-and removal of the implant, the acwas normal in all patients except one with a 10-degree loss tual period of disability may be shorter in conservatively of flexion. Connolly et al. reported that six of thirty-three treated patients. Only Heiple et al., using the fluted Samfractures of the proximal end of the femur that were treated son nail, did not recommend a long period of protective with a cast-brace had "a minimal loss of hip motion" 11 , weight-bearing for the proximal part of the femur after Finally, the closed treatment of subtrochanteric frac-implant removal 19 .
